Theory suggests that male fitness generally increases steadily with mating rate, while one or a few matings are sufficient for females to maximize their reproductive success. Contrary to these predictions, however, females of the majority of insects mate multiply. We performed a meta-analysis of 122 experimental studies addressing the direct effects of multiple mating on female fitness in insects. Our results clearly show that females gain directly from multiple matings in terms of increased lifetime offspring production. Despite a negative effect of remating on female longevity in species without nuptial feeding, the positive effects (increased egg production rate and fertility) more than outweigh this negative effect for moderate mating rates. The average direct net fitness gain of multiple mating was as high as 30-70%. Therefore, the evolutionary maintenance of polyandry in insects can be understood solely in terms of direct effects. However, our results also strongly support the existence of an intermediate optimal female mating rate, beyond which a further elevated mating rate is deleterious. The existence of such optima implies that sexual conflict over the mating rate should be very common in insects, and that sexually antagonistic coevolution plays a key role in the evolution of mating systems and of many reproductive traits. We discuss the origin and maintenance of nuptial feeing in the light of our findings, and suggest that elaborate and nutritional ejaculates may be the result of sexually antagonistic coevolution. Future research should aim at gaining a quantitative understanding of the evolution of female mating rates.
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T he primary function of mating is the transfer of sperm to females. Since each mating offers an opportunity to father offspring, males can generally increase their fitness by mating with many mates and high mating rates are thus typically associated with high male reproductive success. Females, in contrast, maximize reproductive success by maximizing the number of viable eggs produced. This basic asymmetry between the sexes suggests that male fitness increases monotonically with increased mating rate, while one or a few matings are sufficient for females to maximize their reproductive success. Contrary to these predictions, however, females of the majority of animal species mate multiply, most often with different males (polyandry) but also with the same male (repeated matings). Since our understanding of the evolution of male and female mating rates is at the heart of reproductive biology, this apparent discrepancy between theory and empirical observations has generated an extensive body of theoretical and empirical research. A series of additional benefits to females from mating have been suggested, that is, beyond simply receiving sufficient amounts of viable sperm (see e.g. Walker 1980; Thornhill & Alcock 1983; Choe & Crespi 1997; Yasui 1998) , and a large number of empirical studies have addressed the effects of multiple mating on female fitness in a variety of different insect species (see Ridley 1988; Vahed 1998) .
Novel empirical and conceptual insights, however, suggest that the scenario described above is too simplistic to help us understand the evolution of female mating rates. First, while male insects have often been generally considered to provide females with 'little but sperm' (often motivating a view of direct benefits as being insignificant), we now know that the function of mating goes far beyond that of simply providing females with sperm. Most importantly, a large number of accessory substances are transferred with the ejaculate, and these substances 
